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Abstract

Background: Asparagine synthetase deficiency (ASNSD) is a rare pediatric congen-
ital disorder that clinically manifests into severe progressive microcephaly, global de-
velopmental delay, spastic quadriplegia, and refractory seizures. ASNSD is caused by
inheritable autosomal recessive mutations in the asparagine synthetase (ASNS) gene.
Methods: We performed whole-exome sequencing using the patient's peripheral
blood, and newly discovered mutations were subsequently verified in the patient's
parents via Sanger sequencing. Software-based bioinformatics analyses (protein se-
quence conservation analysis, prediction of protein phosphorylation sites, protein
structure modeling, and protein stability prediction) were performed to investigate
and deduce their downstream effects.

Results: In this article, we summarized all the previously reported cases of ASNSD
and that of a Chinese girl who was clinically diagnosed with ASNSD, which was
later confirmed via genetic testing. Whole-exome sequencing revealed two com-
pound heterozygous missense mutations within the ASNS (¢.368T > C, p.F123S and
c.1649G > A, p.R550H). The origin of the two mutations was also verified in the pa-
tient's parents via Sanger sequencing. The mutation c.368T > C (p.F123S) was dis-
covered and confirmed to be novel and previously unreported. Using software-based
bioinformatics analyses, we deduced that the two mutation sites are highly conserved
across a wide range of species, with the ability to alter different phosphorylation sites
and destabilize the ASNS protein structure. The newly identified p.F123S mutation
was predicted to be the most significantly destabilizing and detrimental mutation to
the ASNS protein structure, compared to all other previously reported mutations.
Conclusion: Evidently, the presence of these compound heterozygous mutations
could lead to severe clinical phenotypes and serve as a potential indicator for consid-
erably higher risk with less optimistic prognosis in ASNSD patients.
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1 | INTRODUCTION

Asparagine synthetase deficiency (ASNSD, OMIM acces-
sion number: 615574) is a rare neurometabolic disorder
that was first reported by Ruzzo et al. (2013). It is clin-
ically characterized by a triad of congenital progressive
microcephaly, profound developmental delay, and axial
hypotonia followed by spastic quadriplegia. Other associ-
ated clinical manifestations include micrognathia, receding
forehead, large ears, intractable seizures, jitteriness, hyper-
ekplexia, apnea, feeding difficulties, and cortical blindness.
Pathologically, low asparagine levels in cerebrospinal fluid
(CSF) could help differentiate this disease from other neu-
ral developmental disorders (Alfadhel et al., 2015; Ruzzo
etal., 2013).

Genetically, ASNSD is an autosomal recessive disorder
that can be found in newborns with either homozygous or
compound heterozygous mutations in the ASNS (encodes
asparagine synthetase) on chromosome 7q21 (Ruzzo et al.,
2013). The fact that children with ASNSD are all born with
microcephaly, developmental delay, and epileptic seizures
suggests that ASNS protein is critical for the early develop-
ment of the brain (Lomelino, Andring, McKenna, & Kilberg,
2017).

Cases of ASNSD reported from a variety of ethnic ori-
gins in the past few years (Abhyankar et al., 2018; Alfadhel
et al., 2015; Ben-Salem et al., 2015; Chen, Li, Wang, Chen,
& Hong, 2019; Galada et al., 2018; Gataullina et al., 2016;
Gupta et al., 2017; Palmer et al., 2015; Radha Rama Devi &
Naushad, 2019; Ruzzo et al., 2013; Sacharow et al., 2018;
Schleinitz et al., 2018; Seidahmed et al., 2016; Sprute et al.,
2019; Sun et al., 2017; Yamamoto et al., 2017), have been
summarized in Table 1 with information on nucleotide
changes, amino acid changes, and the corresponding gen-
otypes. ASNSD is considered ultrarare in China, with only
one case reported in July 2019 (Chen et al., 2019). Here, we
report the second study of ASNSD in China, about a novel
missense mutation in the ASNS identified in a young Chinese
girl. We also performed several bioinformatics predictions
and analyses of these mutations to assess the evolutionary
conservation of the mutation site across different species,
predict protein phosphorylation site alterations, model wild-
type (WT) and mutant ASNS protein 3D structures, and to
predict the stability of the tertiary protein structure.

Here, we report that one novel mutation coexists with
a previously identified mutation in the ASNS as compound
heterozygous mutations, in a Chinese girl with ASNSD. The
compound heterozygous mutations not only destabilized the
ASNS protein structure but also altered the phosphorylation
pattern with a functionally detrimental effect on early ASNS-
correlated neural development.

2 | MATERIALS AND METHODS
2.1 | Participant consent and ethical
compliance

The patient recruited in this study was referred to the hos-
pital due to microcephaly and recurrent seizures. This study
complied with the tenets of the Declaration of Helsinki and
was approved by the Ethics Board of the Second Hospital of
Dalian Medical University. Case report (CARE) guidelines
were followed in this case study. A written consent from the
patient and the parents was obtained prior to collecting the
case material, analyzing sequencing data, and writing of the
final manuscript.

2.2 | Whole-exome sequencing

Peripheral whole blood samples were collected from the
patient in EDTA tubes, with prior consent. Genomic DNA
was extracted from whole blood using the BloodGen
Midi Kit (CWBIO). A DNA library containing the whole
genomic DNA of the patient was prepared in an exome-tar-
geted/enriched/captured fashion using the xGen® Exome
Research Panel v1.0 Lockdown® Probe (Integrated DNA
Technologies, USA), according to the manufacturer's pro-
tocol. Whole-exome sequencing (WES) of the enriched
protein-encoding exome was performed on an Illumina
HiSeq XTen (Illumina, Inc.) platform based on the stand-
ard manufacturer guidelines. Per-cycle BCL basecall
files generated directly from Illumina HiSeq XTen were
converted to per-read FASTQ files using the Bcl2Fastq
software (Illumina, Inc.) for later analysis and sequence
alignment. The patient's sequence was aligned with the
GRCh37 (hg19) human genome sequence using the BWA-
aligner software (version 0.6.2). Screening and annota-
tion of SNPs and indels were performed using SAMtools
(Samtools, UK) and Pindel (Sanger Institute), respectively.
False-positive variant filtration was performed based
on the sequencing coverage and mutation qualities. The
GenBank reference sequence and version number for ASNS
is NG_033870.2.

2.3 | Sanger sequencing

Sanger sequencing was performed on the peripheral blood
samples taken from the patient's parents using an ABI
3730XL DNA sequencer (Applied Biosystems, USA) to ver-
ify the familial de novo inheritance of the compound muta-
tions detected in the patient.
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TABLE 1

Genotype

Protein Change

Nucleotide Change (New Variant)

Patient No.

Population

Family No.

Publication

Medicine

WANG ET AL.

Open Access,

Homozygous

p.L370F

¢.1108C > T (26)

21 Turkish 31

Sprute et al.(2019) (15)

32
33
34
35
36
37

Homozygous

p.S263F

¢.788C > T(27)

Indian

22

Radha et al.(2019) (16)

Homozygous

p.R49Q

c.146G> A

Indian

NA

23

Compound heterozygous

p-T4751/p. L2221 fs*5
p-R550H/p.F123S

C.1424C > T(28)/c.666_c.667delCT(29)

¢.1649G > A/c.368T > C(30)

24
25

Chen et al.(2019) (17)

Presented case

Compound heterozygous

Chinese

2.4 | Multiple-sequence alignment

ASNS protein sequence alignment between orthologs was per-
formed using MEGA software (version 7) (Kumar, Stecher,
& Tamura, 2016), using the ClustalW algorithm as default
settings. Protein sequences retrieved from the NCBI Protein
database were used in the alignment as reference sequences.

2.5 | Protein phosphorylation site prediction

The predicted phosphorylation sites were evaluated using the
web-based server NetPhos 3.1a (Blom, Gammeltoft, & Brunak,
1999). Only those predicted phosphorylation sites with a score
higher than the threshold (0.5) were included in the result.

2.6 | Protein modeling

The ASNS protein was modeled using the I-Tasser online
server (Yang & Zhang, 2015). FASTA-formatted WT,
p.F123S, and p.R550H ASNS protein sequences were up-
loaded and modeled with the crystal structure from E. coli as
a reference (PDB#: 1CT9), as reported by Yamamoto et al.
(2017). Protein models with the top 3 scores were chosen and
visualized using PyMOL software (The PyMOL Molecular
Graphics System, Version 2.3.2, Schrodinger, LLC).

2.7 | Protein stability prediction

Protein stability for all the mutant ASNS proteins was evaluated
using the web-based tools DUET (Pires, Ascher, & Blundell,
2014), INPS-MD (Savojardo, Fariselli, Martelli, & Casadio,
2016), and MUPro (Cheng, Randall, & Baldi, 2005). AAG val-
ues were recorded and visualized as the stability score by R soft-
ware (version 3.6.1, The R Foundation for Statistical Computing
Platform) using “pheatmap” package (Kolde, 2012).

3 | RESULTS
3.1 | Clinical presentation

The patient was born through spontaneous vaginal delivery
as the second child of a nonconsanguineous Chinese couple
with no family history of genetic disorders. Her older brother
died 4 months after birth due to microcephaly and feeding dif-
ficulty. The brain computerized tomography (CT) scan images
of the older brother (shown in Figure 1b) exhibited distinct mi-
crocephaly compared to the brain of an average Chinese male
infant. Genetic tests were not conducted for the patient's de-
ceased older brother due to late admission to the hospital.
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FIGURE 1 Clinical and genetic diagnosis of ASNSD in the patients. (a) Brain Computerized Tomography (CT) scan and magnetic resonance

imaging (MRI) for the patient at the age of 2 months, showing clinical onset of severe microcephaly. (b) CT scan for the patient’s older brother at
the age of 4 months, showing similar image pattern as the patient. (c) Pedigree analysis of patient’s family. Underneath each family member are the
corresponding genotypes and sanger sequencing results, showing mutation ¢.368(exon 5)T>C was maternally inherited and c.1649(exon 13)G>A
was paternally inherited. II:1 is the patient’s brother who unfortunately passed away. II:2 is the patient herself with mutation acquired from both

parents

At the age of 2 months, the female patient in our study
visited the outpatient department of our hospital complain-
ing of microcephaly and impaired response to visual stimuli.
At 3 months, the patient started to develop recurrent seizures
manifested as rapid blinking, flexing, and shaking with loss of
consciousness in both upper limbs, occurring a dozen times per
day for a duration of approximately 1 min per attack. Physical
examination revealed that the patient was suffering from mi-
crocephaly with a head circumference (HC) of 35.5 cm (mean:
3SD 36.0 cm, based on the HC of average Chinese female
children at 3 months of age). In addition, the patient had never
acquired due developmental milestones. Such developmental
retardation was also concluded by weakened head-controlling

ability, visual pursuit ability, and aural stimuli responding abil-
ity. Severe hypermyotonia in all four limbs and severe hyper-
function of tendon reflexes were also detected.

Despite all the above physical examinations, the results
of the brain CT scan and magnetic resonance imaging (MRI)
revealed onsets of microcephaly, similar to the patient's older
brother (Figure 1b), specifically with a flat frontal skull, re-
duced cranial cavity, decreased cerebral volume, simplified
gyral pattern, leukoaraiosis, ventriculomegaly, and enlarged
axial spaces (Figure 1a.

To unravel the origin of the seizure, 2 hr of video electro-
encephalogram (EEG) was recorded for the patient. The EEG
recording indicated multifocal epileptiform discharges in the
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bilateral frontal, frontal, and middle line regions. Moreover, the
epileptiform discharges were shown to particularly concentrate
on the right side (Figure S1). The patient was subsequently
administered levetiracetam, which transiently ameliorated the
frequency and severity of the seizures. However, the patient's
parents failed to regularly administer an antiepileptic drug as
advised, and her seizures continued to exacerbate.

As for standard laboratory examinations including urine
and blood tests, the results did not show any abnormal-
ity in terms of urine organic acids, blood amino acids, and
acylcarnitine.

Based on these clinical features of congenital microceph-
aly, global developmental delay, axial hypotonia, hypermyo-
tonia of four limbs, seizures, and generalized brain atrophy
as well as her family history, we tended to diagnose the con-
dition to be ASNSD. Genetic tests were performed on this
patient after the clinical diagnosis of ASNSD to reveal the
molecular etiology.

3.2 | Genomic analysis and pedigree
analysis of the patient and the parents

WES was performed on the committed patient. As a result,
heterozygous compound mutations in ASNS were revealed.
Standard Sanger sequencing was performed on DNA isolated
from whole blood of the parents. It was confirmed that the
compound mutations in ASNS consist of two missense muta-
tions, ¢.368T > C (maternally inherited) and c.1649G > A
(paternally inherited), which subsequently lead to amino
acid sequence modifications of p.F123S (amino acid pheny-
lalanine to serine) and p.R5S50H (amino acid arginine to his-
tamine), respectively. The paternally acquired c.1649G > A
mutation was previously reported in India in the form of a
homozygous mutation (Galada et al., 2018), with a minor al-
lele frequency (MAF) of 0.0002. However, ¢.368T > C was
not found in any open variant databases, including gnomAD,
ClinVar, and ExAC. Hence, ¢.368T > C has been identified
and reported by us for the first time as a novel mutation.

To better visualize the inheritance relationship between
the patient and the parents, a pedigree tree was constructed
for the patient's family (Figure 1c). As shown in Figure Ic,
the paternally inherited c.1649G > A and maternally inher-
ited ¢.368T > C were passed down to the patient and are re-
sponsible for the onset of ASNSD.

3.3 | Overview of ASNS and ASNS protein
conservation across species

To better review the location of the mutations within the
ASNS gene, we used the IGV genome browser (Robinson
et al., 2011) to visualize the two mutation sites (Figure 2a).

It is revealed that both mutations located in the exon area
(Figures 2b and c).

At the protein level, based on the description retrieved
from UniProt (UniProt, 2019), the ASNS protein contains
two functional domains named glutamine amidotransferase
type-2 domain (amino acid 2—-191, Figure 2d) and asparagine
synthetase domain (amino acids 213-536, Figure 2d). The
mutation p.F123S was shown to be located in the glutamine
amidotransferase type-2 domain (Figure 2e), while p.R550H
resides in the C-terminal of the ASNS protein sequence,
rather than in either of the functional domains (Figure 2e).
To test the evolutionary conservation of the two amino acids
in WT ASNS, we compared wild-type amino acid sequences
of ASNS across 12 different species, including Homo sapi-
ens, nonhuman primates, rodents, artiodactyla, aves, amphib-
ians, fish, and arthropods. The results demonstrated that both
the amino acids were reported to be highly conserved across
all 12 species, suggesting that both amino acids play crucial
roles in ASNS in the course of evolution and the maintenance
of biochemically relevant activities (Figure 2e). The results
of the conservation analysis can be found in Table 1. It is
expected that the phenylalanine at amino acid position 123
is functionally essential because of its location, whereas the
arginine at position 550 was unexpectedly conserved across
all 12 species. Consequently, it is suspected that the arginine
at amino acid position 550 may participate in the construc-
tion of the protein tertiary structure, which partially dictates
ASNS functional performance.

3.4 | ASNS phosphorylation site prediction
To further study the potential functional impact of the mu-
tations on ASNS protein, phosphorylation sites for serine,
threonine, and tyrosine as well as their responsible kinases
were predicted and assessed using NetPhos 3.1 Server (Blom
et al,, 1999; Blom, Sicheritz-Ponten, Gupta, Gammeltoft,
& Brunak, 2004). In total, 44 serine, threonine, and tyros-
ine phosphorylation sites that have significant phosphoryla-
tion potential were reported in healthy controls (accession:
NP_001339425) (Figure 3a), 45 phosphorylation sites were
predicted in the p.F123S variant, with the mutant serine
amino acid as the newly acquired phosphorylation site (PKA
is the predicted responsible kinase) (Figure 3b). In addition
to the serine phosphorylation site, the downstream phospho-
rylation site at amino acid position 128 (threonine) was also
affected by p.F123S. The phosphorylation potential score
(PPS) was reduced from 0.548 to 0.501 (0.5 is the signifi-
cance threshold, Table. 2).

The total number of phosphorylation sites in the p.R5S50H
mutant variant was 44 (Figure 3c), which is consistent
with the healthy control. However, there were three major
changes. First, the threonine at the 545 amino acid position
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FIGURE 2 Overview and visualization of ASNS (NG_033870.2) gene and the identified mutations. (a) IGV genome browser overview for
ASNS gene showing both mutations sites simultaneously. (b and ¢) Zoomed in view of the identified mutations from the patient showing both

mutations reside in exon area. The mutation p.F123S does not overlap with any mutations in dbSNP 1.4.7 database. (d) 2 major functional domains

within ASNS protein based on UniProt. Green domain being the glutamine amidotransferase type-2 and the orange being the asparagine synthetase.

(e) Conservation analysis of ASNS protein sequences across different species. Amino acid positions of both mutations are highlighted in orange.
All the amino acids sequences were retrieved form NCBI Protein database: NP_001339425.1 (Homo sapiens); NP_001267331.1 (Pan troglodytes);
NP_001126469.1 (Pongo abelii); XP_015303200.1 (Macaca fascicularis); XP_028701873.1 (Macaca mulatta); NP_036185.1 (Mus musculus);
NP_037211.2 (Rattus norvegicus); NP_001069121.1 (Bos Taurus); NP_001026148.1 (Gallus gallus); NP_001265452.1 (Xenopus tropicalis);
NP_957457.3 (Danio rerio); NP_996132.1 (Drosophila melanogaster). Amino acids phenylalanine at position 123 and arginine at position 550 are

highly conserved through these species

in the healthy control was not originally a phosphorylation
site. However, the p.R550H mutation enhanced its phosphor-
ylation potential and turned it into a phosphorylation site
with PKC as the kinase candidate (PPS = 0.549, Table. 2).
Second, the p.R550H mutant also slightly increased the PPS
of the threonine at 551 amino acid position from 0.629 to
0.652 (Table. 2). Third, in WT ASNS, the threonine at 553
amino acid position could be either strongly phosphorylated
by an unspecified kinase (unsp, PPS = 0.886) or weakly by
RSK (PPS = 0.510); however, the p.R550H mutation attenu-
ated this phosphorylation site.

In general, both mutations have the ability to alter the
phosphorylation potential of several different amino acid sites
within the protein sequence, suggesting that these two muta-
tions predictably influence the biological functions of ASNS
by changing its phosphorylation status. Such fundamental in

silico protein analysis still requires further confirmation via
functional experimental approaches.

3.5 | ASNS protein structure 3D modeling

Protein structure 3D modeling was performed using I-TASSER
Server (Yang & Zhang, 2015; Zhang, Freddolino, & Zhang,
2017), with a previously established crystalized ASNS protein
structure from E. coli as the reference model (PDB#: 1CT9). As
we described above, ASNS has a glutamine amidotransferase
type-2 domain and a asparagine synthetase domain, which are
represented by green and yellow colors, respectively, (Figure
4a). The nonfunctional regions are marked in gray (Figure
4a). Amino acids in the WT ASNS at positions 123 and 550
are shown in red in Figure 4a, and the mutant amino acids are
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FIGURE 3 Mutations altered phosphorylation sites of ASNS protein predicted by NetPhos 3.1 Server. All phosphorylation sites with
phosphorylation potential score (PPS) over the threshold (PPS = 0.5) were recorded in the figure. (a—c) The predicted phosphorylation sites for
healthy control, p.F123S and p.R550H respectively. “*” indicates the changes of phosphorylation sites caused by p.F123S and p.R550H compared

to healthy control

TABLE 2  Altered phosphorylation sites in mutant form of ASNS protein as reported in Fig. 3 with PPS as well as the corresponding kinases

Mutation Amino acid Sample
p-F123S 123 F/S Healthy control
Patient
128 T Healthy control
Patient
P.R550H 545 T Healthy control
Patient
551T Healthy control
Patient
553 T Healthy control

Patient

highlighted in pink in Figure 4b and c. To analyze the down-
stream effects of the two mutations on ASNS protein structure
stability, DUET (Pires et al., 2014), INPS-MD (Savojardo
et al., 2016), and MUPro (Cheng et al., 2005) were employed.
It was shown that both missense mutations had a damaging ef-
fect on the ASNS protein structure stability (Figure S2), with
p.F123S being the most destabilizing mutation to the ASNS
protein structure among all the previously reported mutations.
The AAG values for p.F123S based on all three prediction tools
were less than —2, which further indicated the detrimental influ-
ence on the stability of the ASNS protein exerted by p.F123S,
thus damaging the biological functions of ASNS. Moreover,
mutation p.R550H showed a mild damaging effect on ASNS
protein stability, as judged by its closer-to-zero AAG values

Context Score Kinase
NA

GVFASVLLD 0.542 PKA
VLLDTANKK 0.548 PKC
VLLDTANKK 0.501 PKC
NA

WINATDPSA 0.549 PKC
PSARTLTHY 0.629 PKC
PSAHTLTHY 0.652 PKC
ARTLTHYKS 0.886/0.510 unsp/RSK
NA

(0.181793, —0.7, —1.324, respectively, in INPS-MD, DUET,
and MUPro (Figure S2)).

4 | DISCUSSION AND
CONCLUSIONS

ASNSD is a rare congenital disorder that is clinically
manifested by microcephaly, global developmental delay,
spastic quadriplegia, and refractory seizures. Exome se-
quencing has been widely applied to identify the genetic
etiology of all 37 previously reported ASNSD cases in
25 unrelated families since 2013. Hitherto, 30 disease-
causing mutant variants in the ASNS have been identified,
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FIGURE 4 Protein structure 3D
modeling. (a—c) 3D models for healthy
control, p.F123S and p.R550H mutant types
respectively. Glutamine amidotransferase
type-2 domain and asparagine synthetase
domain are highlighted in green and yellow
respectively. The original amino acids in
normal ASNS protein at position 123 and
550 are marked in red in a and the mutations
are marked pink in b and c respectively

most of which were due to recessive missense mutations
(Table. 1).

Based on these reported mutations, the underlying
mechanism behind the clinical manifestation of ASNSD
is entirely driven by either compromised protein function
or partial protein truncation due to premature stop codons
introduced by mutations. Severe disease variants not only
comprised of homozygous mutants but also compound het-
erozygous mutations conjunctly inherited from both par-
ents. The homozygous to compound heterozygous reported
case ratio was 3:2.

Before the patient in our case study was committed to
the hospital due to microcephaly, her older brother was also
diagnosed with microcephaly and passed away due to feed-
ing difficulties together with respiratory functional attenua-
tion. These are the two main causes of early infancy death
in congenital cerebral development-related disorders (Ruzzo
et al., 2013). Considering the recurrence of microcephalic
newborns within a single family and the typical clinical man-
ifestations of abnormally small HC, severely delayed devel-
opment, and hypermyotonia, the patient exhibited adequate
evidence of inheritable developmental disorder (Figure 1c).
Therefore, WES was applied to screen for the responsible
gene, and diagnosis was soon established as ASNSD, caused
by heterozygous compound mutations in the ASNS.

The production of asparagine from aspartate via an
amidation reaction in the presence of ATP, coupled with
glutamate and ammonia yielded from its N-terminal, is

Open Access,

the primary mechanism of action and function of ASNS.
Hence, losing ASNS will result in an apparent deficiency
in cellular asparagine levels (Richards & Kilberg, 2006).
However, our patient's plasma and urine asparagine levels
were within the normal range, which is likely related to
nonmedical conditions such as food intake and daily ac-
tivities, as reported previously (Van Der Crabben et al.,
2013).

It has been demonstrated that asparagine and ASNS are
critical for both embryonic and postembryonic early neuro-
logical and cerebral development (Ruzzo et al., 2013; Scholl-
Burgi et al., 2008). The MRI results of our patient matched
with the classic MRI pattern for ASNSD, reduced cranial
cavity, simplified gyral pattern, cerebral atrophy, leukoarai-
osis, and cerebral ventriculomegaly (Figure 1a).

In our study, two missense mutations were identified as
compound heterozygous mutations in our ASNSD patient
(Figure 1c). One of the mutations ¢.1649G > A (p.R550H)
has been previously reported in India by Galada et al. with-
out in-depth study and software-based analysis to deduce its
downstream biological functions (Galada et al., 2018). The
other mutation ¢.368T > C (p.F123S), however, is reported
for the first time.

Phosphorylation site alterations impacted by the two
mutations were tested and predicted using the NetPhos 3.1
Server (Blom et al., 1999, 2004). The most impactful phos-
phorylation site alterations are the loss of phosphorylation
site on 553T with RSK as the operating kinase due to the
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p-R550H mutation, the gain of phosphorylation site on 545T
amino acid position with PKC as the responsible kinase due
to the p.R550H mutation and the gain of phosphorylation site
on 123S with PKA as the kinase responsible for p.F123S mu-
tation. Other minor phosphorylation site modifications were
also predicted on 128T (decrease phosphorylation potential)
and 551T (increase phosphorylation potential). However,
such an in silico phosphorylation site prediction is not power-
ful enough to conclude its impacts on downstream biological
functions. In future, functional studies and in situ experi-
mental approaches are needed to investigate their impacts on
ASNS enzymatic activity, ATP-binding potential, GATase
activity, and glutamate and ammonia conversion from the
N-terminal.

Despite the phosphorylation site prediction, web tool-
based protein stability prediction was also performed on all
previously identified amino acid mutations, including the
two mutations identified in our patient. According to INPS,
DUET, and MUPro, the newly identified mutation p.F123S
is the most destabilizing mutation among all other mutations.
As a result, it is predicted that the majority of the ASNS
protein expressed during the patient's early embryonic de-
velopment would be either poorly functional or completely
attenuated. To some degree, the patient will eventually en-
counter feeding, pulmonary, and cardiovascular challenges,
leading to neonatal death. Previously, a different variant was
reported on the amino acid position 550 with a substituted
amino acid of cysteine replacing arginine (p.R550C) (Ruzzo
et al., 2013). The downstream influence on the protein ex-
pression level of the p.RS50C variant was investigated by
transfecting COS-7 cells (Monkey kidney fibroblast-like cell
line) with a vector containing the p.R550C variant ASNS se-
quence. It was shown that the p.R550C variant resulted in
an upregulation of ASNS protein abundance (Ruzzo et al.,
2013). In future, similar functional examinations should be
performed on novel mutations.

To the best of our knowledge, there are no effective ther-
apies for ASNSD, let alone a functional cure. Most of the
ASNSD cases were discovered postnatally with severe onset
of microcephaly among other developmental abnormalities.
By the time ASNSD was diagnosed, irreversible damages
have already been exerted prenatally. Therefore, all existing
treatments target supportive care and external administration
of asparagine. However, it was previously reported that oral
or intravenous administration of asparagine might not be
effective for the elevation of cerebral asparagine levels due
to its delivery kinetics (Palmer et al., 2015). Risk disclosure
of ASNSD, however, is applicable by applying prenatal ge-
netic tests on the fetus and prepregnancy genetic tests of the
parents. In our opinion, the most effective therapeutic inter-
vention that can achieve functional cure relies on gene ma-
nipulation-based therapy.
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